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Description 

Background of the Invention 

Fieid of the Invention: , s 

[0001] The present invention relates to a distortion 
correction circuit which is mounted on a television re- 
ceiver or the like to correct image distortion. 

10 

Description of the Related Art: 

[0002] Conventionally; a raster on a fluorescent 
screen showed pincushion distortion in the deflection 
process of a color television receiver because the radius is 
of curvature of a fluorescent screen is longer than the 
axial length from a deflection center to a fluorescent 
screen. This distortion is called pincushion distortion. - 
Even though a uniform pincushion correction is applied 
to the entire screen, pincushion distortion still remains 20 
in the center part (hereinafter called inner pincushion 
distortion) because of the difference of distortion degree 
between the peripheral part and the center part of the 
screen.' Such inner pincushion distortion which is a 
shrinkage in the center part is caused by the difference 2s 
of a horizontal linearity between .the upper/lower parts 
and the center part of the screen. 
[0003] Fig. 7 shows a distortion correction circuit of 
voltage modulation type called a diode modulator circuit. 
A diode modulator circuit of negative system will be de- 30 
scribed below. In this circuit, distortion is corrected by 
using the negative potential at a point C. 
[0004] In Fig. 7, pulses of the horizontal period are 
supplied to an input terminal 1 and supplied to the base 
of a horizontal output transistor Q1 . A damper diode D1 35 
is connected in parallel between the collector and the 
emitter of the horizontal output transistor Q1 so that the 
cathode of the former is connected with the collector of 
the latter. In. addition, a resonant capacitor C2 is con- 
nected in parallel with the horizontal output transistor *o 
Q1 . Furthermore, the combination of a horizontal deflec- 
tion coil Ly, a linearity coil L1 and a damping resistor R1 
which are connected in parallel with each other, and S- 
shape correction capacitors C4 and C5 serially connect- 
ed are connected in parallel with that transistor Q1 . *s 
[0005] The collector of the horizontal output transistor 
Ql is connected with a power supply terminal 2 through 
the primary winding T1 of a flayback transformer FBT 
so as to supply the power supply voltage VB. Addition- 
ally, a resonant capacitor C1 is connected between the so 
collector of the horizontal output transistor Q1 and the 
reference potential point. 

[0006] The emitter of the horizontal output transistor 
Q1 is connected with the reference potential point via a 
parallel circuit of a modulation diode D2 and a resonant ss 
capacitor C3, and at the same time via a modulation coil 
L3 and a modulation capacitor C6. A joint A between the 
S-shape correction capacitors C4 and C5 is connected 
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with the reference potential point via a coil L2. 
[0007] A joint B of the modu lation coil L3 and the mod- 
ulation capacitor C6 is connected with the reference po- 
tential point via a resistor R2 and the collector-emitter 
path of the transistor Q2. A parabolic wave generating 
circuit (not shown) which generates the parabolic wave 
voltage of the vertical period is connected with a terminal 
3 which is connected with the base of the transistor Q2. 
[0008] The above-mentioned circuit is a horizontal 
output circuit in which the damper diode D1 and the res- 
onant capacitor C2 are connected in parallel with the 
horizontal output transistor Q1 . in addition, in this circuit, 
a distortion correction circuit is connected with the pe- 
ripheral part of the S-shape correction capacitors C4 
and C5. The S-shape capacitor is divided into C4 and 
C5. A coil L2 is connected between the joint A of these 
capacitors C4 and C5 and the reference potential point. 
For the purpose of distortion correction, a distortion cor- 
rection circuit consisting of a series circuit of the coil L3 
and the capacitor C6 as well as the resonant capacitor 
C3 is connected in parallel between one terminal of the 
S-shape correction capacitor C5 (the emitter of Q1 ) and 
the reference potential point. The diode D2 maintains 
the negative voltage generated at the emitter of the tran- 
sistor Q1 and guarantees the operation of the horizontal 
output transistor Ql . 

[0009] In the horizontal scanning period, the horizon- 
tal deflection current flows through the horizontal output 
transistor Q1 or the damper diode D1. The current 11 
flows from the S-shape correction capacitor C5 through 
the coil L2. The charge stored in the S-shape correction 
capacitors C4 and C5 flows to the horizontal deflection 
coil Ly through the coil L1 as a horizontal deflection cur- 
rent ly. Only the horizontal deflection current ly flows 
through the S-shape correction capacitor OA on the hor- 
izontal deflection coil side. Both 11 and ly flow through 
the S-shape correction capacitor C5. The parabolic 
wave voltage of the vertical period is applied to the ter- 
minal 3 connected with the base of the transistor Q2 to 
modulate the terminal voltage Vmof the capacitor 6 par-, 
abolically. When the' voltage Vm of the capacitor C6 is 
modulated parabolically with the vertical period, the S- 
shape capacitor voltage (Vc5+Vc4) as the power source 
of the horizontal deflection current ly is modulated as 
expressed by Vc5+Vc4=VB+Vm. In the above equation, 
Vc5 is the voltage across the S-shape correction capac- 
itor C5, and Vc4 is the voltage across the S-shape cor- 
rection capacitor C4. In this case, the capacity of the S- 
shape correction capacitor is set as C5«C4, so Vc4 
can be disregarded. That is, Vc5 is modulated parabol- 
ically with the vertical period by modulating Vm. There- 
fore, as shown in Fig. 8, the voltage of the horizontal 
period Vc5 modulated parabolically with the vertical pe- 
riod appears across the S-shape correction capacitor 
C5. 

[0010] By using the voltage waveform modulated par- 
abolically with the vertical period, inner pincushion dis- 
tortion which occurs different horizontal linearities in the 



2 



3 



EP0 821 519 B1 



4 



upper/lower and the center parts ot the screen and oc- 
curs a shrinkage in the center part of the screen, is cor- 
rected to a uniform pincushion distortion as shown with 
the dotted line and the solid line in Fig. 9 (a). Such cor- 
rected pincushion distortion is further corrected as 
shown in Fig. 9 (b) by adjusting the parabolic wave by 
a DPC (Dynamic Pincushion Correction) circuit. 
[0011] Fig. 10 shows the circuit diagram of a diode 
modulator circuit of positive system. Compared with the 
diode modulator circuit of the negative system shown in 
Fig. 7, the emitter of the horizontal output transistor Q1 
is connected with the reference potential point and the 
diode D2 is connected serially in the same direction as 
that of the damper diode D1 . In this circuit, the resonant 
capacitor C1 is removed between the collector of the 
horizontal output transistor Q1 and the reference poten- 
tial point. In the circuit shown in Fig. 7, distortion is cor- 
rected by using the negative potential at the point C, but 
in the circuit shown in Fig. 10, such correction is per- 
formed by using the positive voltage at the point C. 
[001 2] However, the circuits shown in Fig. 7 or 1 0 are 
disadvantageous in the substrate area and the cost, be- 
cause large parts such as coils and capacitors are em- 
ployed. In addition, each time the inductance of a de- 
flection yoke and the curvature of a picture tube change 
due to the model change, it is necessary to redesign the 
part constants, which is troublesome. 
[0013] EP-A2-0,589,512 describes an image distor- 
tion correction circuit which stores incoming video signal 
data in a memory and controls the rate at which the data 
is read from the memory. This is controlled by a correc- 
tion circuit which receives a line deflection reference sig- 
nal which is delayed so as to try to align the deflection 
signals with the incoming video-signals. . 
[0014] US-5,041,764 describes an apparatus which 
amongst other things can be used for correcting pin 
cushion distortion. This document similarly describes 
storing incoming video signal data in a memory and con- 
- trolling the reading of the data from that memory to pro- 
vide the signal provided to the screen. The control of the 
reading rate from the memory is achieved by modulating 
the pixel clock frequency at the center of the screen rel- 
ative to that at the right and left sides of the screen for 
one horizontal scanning line. 

Summary of the Invention 

[0015] It is an object of the present invention to pro- 
vide a distortion correction circuit which can correct the 
distortion of an image on the screen without performing 
the troublesome calculation of the constants of newly 
adopted parts. 

[001 6] According to a first aspect of the present inven- 
tion there is provided a distortion correction circuit for 
correcting inner pin cushion distortion occuring on a 
screen, comprising: 

an analog-to-digital conversion means for receiving 



an analog luminance signal and analog color differ- 
ence signals to convert them into the corresponding 
digital signals respectively; 
a memory means for storing said signals subjected 

5 to the analog-to-digital conversion by said A/D con- 
version means; characterised by 
a write/read controlling means 140 for controlling 
the write operations of signals for said memory 
means and for modulating the reading of data writ- 

10 ten in said memory means with both a horizontal 
period and a vertical period so as to enable the 
reading; and 

a digital-to-analog conversion means for converting 
the signals read out of said memory means into an 
15 analog luminance signal and analog color differ- 
ence signals; 

wherein said write/read controlling means includes" 
parabolic wave generation circuits for generating 
parabolic waves varying with a horizontal period 

20 and with a vertical period and said write-read con- 
trolling means is adapted to parabolically modulate 
said reading speed in response to outputs from said 
parabolic wave generation circuits such that the 
reading speed from said memory means during the 

25 vertical period is increased in the center part in the 
vertical direction of the screen and decreased at the 
upper and lower parts of the screen, the reading 
speed f rom said memory means during the horizon- 
tal period is decreased in the center part in the hor- 

30 izontal direction of the screen and increased at the 
right and left parts of the screen, and the reading 
speed at said right and left parts of the screen is 
higher in the center part of the screen than that in 
the upper and lower parts in the vertical direction of 

35 the screen. 

[0017] The present invention further provides a dis- 
tortion correction circuit for correcting inner barrel dis- 
tortion occuring on a screen, comprising: 

40 

an analog-to-digital conversion means for receiving 
an analog luminance signal and analog color differ- 
ence signals to convert them into the corresponding 
digital signals respectively; 

45 a memory means for storing said signals subjected 
to the analog-to-digital conversion by said A/D con- 
version means; characterised by 
a write/read controlling means 140 for controlling 
the write operations of signals for said memory 

so means and for modulating the reading of data writ- 
ten in said memory means with both a horizontal 
period and a vertical period so as to enable the 
reading;, and 

a digital-to-analog conversion means for converting 
5S the signals read out of said memory means into an 
analog luminance signal and analog color differ- 
ence signals; 

wherein said write/read controlling means (140) in- 
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eludes parabolic wave generation circuits (11 7, 118) 
tor generating parabolic waves varying with hori- 
zontal period and with a vertical period and said 
write/read controlling means is adapted to parabol- 
ically modulate said reading speed in response to '5 
outputs from said parabolic wave generation cir- 
cuits, such that the reading speed from said mem- 
ory means during the vertical period is decreased 
in the center part in the vertical direction of the 
screen and increased at the upper and lower parts 10 
of the screen, the reading speed from said memory 
means during the horizontal period is decreased in 
. the center part in the horizontal direction of the 
screen and increased at the right and left parts of 
the screen, and the reading speed at said right and 1$ 
left parts of the screen is slower in the center part 
of the screen than that in the upper and lower parts 
in the vertical direction of the screen. 

[001 8] The luminance signal and the color difference 20 
signals after the A/D conversion are stored in the mem- 
ory means once. When reading such stored signal out 
of the memory means, reading speed is modulated par- 
abolically with both the horizontal period and the vertical 
period. Such a modulated digital signal is subjected to 25 
the D/A conversion to obtain an analog luminance signal 
and an analog color difference signals and the inner pin- 
cushion distortion or the inner barrel distortion is cor- 
rected. That is, distortion can be corrected by modulat- 
ing the image signal itself by digital processing, so circuit 30 
drift due to the conventional analog correction does not 
occur and no complicated analog circuit design is re- 
quired. 

[0019] In the above-mentioned write/read controlling 
means in the distortion correction circuit there may be 35 
provided: 

a clock generating circuit for generating a first timing 
signal, a .first write clock having a frequency of a pre- 
determined multiple of a horizontal scanning fre- *o 
quency and a second clock having a frequency of 
a predetermined multiple different from the above 
multiple of the horizontal scanning frequency on the 
basis of the horizontal synchronizing signal; 
a digital control oscillator for generating a clock, on *s 
the basis of the second clock above described, 
whose oscillation frequency is parabolically modu- 
lated with both horizontal period and vertical period; 
a horizontal parabolic wave generating circuit for 
generating a parabolic wave signal of the horizontal s ° 
period on the basis of the horizontal synchronizing 
signal and supplying that signal to the digital control 
oscillator; 

a vertical parabolic wave generating circuit for gen- 
erating a parabolic wave signal of the vertical period 55 
on the basis of the vertical synchronizing signal and 
supplying that signal to the digital control oscillator; 
a digital-to-analog converter which converts the 
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output of the digital control oscillator into an analog 
signal and outputs that signal to the memory means 
as a read clock; 

a timing generating circuit for generating a write tim- 
ing signal on the basis of the first timing signal and 
the first clock, and also generating a read timing sig- 
nal on the basis of the first timing signal and the read 
clock from the D/A converter. 

[0020] In the above a read clock is generated digitally 
in the digital control oscillator and a read clock frequency 
can be parabolically and precisely modulated with both 
horizontal period and vertical period. 

Brief Description of the Drawings: 

[0021] Fig. 1 is a block diagram showing the distortion 
correction circuit of an embodiment according to the 
present invention. 

[0022] Fig. 2 is a block diagram showing the configu- 
ration of a display apparatus in which the distortion cor- 
rection circuit of Fig. 1 is used. 

[0023] Fig. 3 (a) is a diagram showing the modulation 
waveform of the reading speed during the vertical period 
(1 V) for removing inner pincushion distortion in the line 
memory circuit of Fig. 1 . 

[0024] Fig. 3 (b) is a diagram showing the modulation 
waveform of the reading speed during the horizontal pe- 
riod (1 H) for removing inner pincushion distortion in the 
line memory circuit of Fig. 1. 

[0025] Figs. 4 (a) -(c) are diagrams for describing an 
inner pincushion distortion correction sequence in the 
circuit of Fig. 1 . 

[0026] Fig. 5 (a) is a diagram of the modulation wave- 
form of the reading speed at 1 Vfor removing inner barrel 
distortion in the line memory circuit of Fig. 1. 
[0027] Fig. 5 (b) is a diagram of the modulation wave- 
form of the reading speed at 1 H for removing inner barrel 
distortion in the line memory circuit of Fig. 1 . 
[0028] Figs. 6 (a) - (c) are diagrams for describing an 
inner barrel distortion correction sequence in the circuit 
of Fig. 1. 

[0029] Fig. 7 is a circuit diagram of the conventional 
distortion correction circuit of diode modulator system 
of negative type 

[0030] Fig. 8 is a diagram showing the correction volt- 
age waveform in the circuit of Fig. 7. 
[0031] Figs. 9 (a) and (b) are diagrams for describing 
an inner pincushion distortion correction sequence in 
the circuit of Fig. 7. 

[0032] • Fig. 10 is a circuit diagram of the conventional 
distortion correction circuit of diode modulator system 
of positive type. 

Detailed Description of the Preferred Embodiments 

[0033] The preferred embodiments of the present in- 
vention will be described below with reference to the 
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drawings. 

[0034] Fig. 1 is a block diagram showing the distortion 
correction circuit ot an embodiment of the present in- 
vention. Fig. 2 is a block diagram ot the display appara- 
tus such as a television receiver in which the distortion 
correction circuit of Fig. 1 is used. First, the display ap- 
paratus of Fig. 2 will be described below. 
[0035] In Fig. 2, the display apparatus comprises a 
distortion correction circuit 100, a video output circuit 
200, a deflection circuit 300 and a cathode ray tube 
(CRT) 400. 

[0036] The analog luminance signal Y and the analog 
•color difference signals R-Y and B-Y are applied to the 
distortion correction circuit 100. These signals are re- 
spectively converted into the corresponding digital sig- 
nals. Then the resulting signals are written in the mem- 
ory means. When these signals are read from the mem- 
ory means, the reading speed of the Y, R-Y and the B- 
Y signals are modulated parabolically with both horizon- 
tal period (hereinafter called 1H) and vertical period 
(hereinafter called 1 V) according to the signal based on 
the horizontal synchronizing signal HD and the vertical 
synchronizing signal VD. They are converted again into 
the analog luminance signal Y and the color difference 
signals R-Y and B-Y and outputted therefrom. 
[0037] The luminance signal Y and the color differ- 
ence signals R-Y and B-Y from the distortion correction 
circuit 100 are applied to the video output circuit 200. 
The video output circuit supplies three primary color sig- 
nals, a red (R) signal, a green (G) signal and a blue (B) 
signal to the CRT 400. 

[0038] The horizontal synchronizing signal HD and 
the vertical synchronizing signal above-mentioned are 
applied to the deflection circuit 300. This circuit supplies 
the horizontal deflection current and the vertical deflec- 
tion current to the deflection yoke of the cathode ray tube 
(CRT) 400. It includes a DPC (Dynamic Pincushion 
Correction ) circuit. 

[0039] , in Fig. 1 , the analog luminance signal Y is ap- 
plied to the input terminal 101. That signal is converted 
into a digital luminance signal 103 in the A/D converter 
102. This digital luminance signal is applied to the line 
memory circuit 128 as a memory means. The analog 
color difference signals R-Y and B-Y are respectively 
applied to the input terminals 104, 105. These signals 
are supplied to the A/D converter 108. In this converter, 
they are multiplexed each other and converted into a 
digital chrominance signal 109 and supplied to the line 
memory circuit 128. 

[0040] The digital signal is written in the line memory 
circuit 128 by using the write clock 113 from the clock 
generating circuit 111 according to the write timing sig- 
nal 1 26 from the timing circuit 1 25. 
[0041] The horizontal synchronizing signal HD is ap- 
plied to the input terminal 110, then to the clock gener- 
ating circuit 111. The clock generating circuit 111 gener- 
ates the timing signal 112 for the write/read timing, a 
910fH clock (113) having a frequency of 910 times as 



high as the horizontal scanning frequency fH, and a 
2730fH clock (114) having a frequency 2730 times as 
high as the horizontal scanning frequency fH. 
[0042] The timing signal 112 is applied to the timing 

s generating circuit 1 25. The 91 OfH clock (113) is applied 
to the line memory circuit 1 28 as the write clock, and at 
the same time to the timing generating circuit 1 25. The 
timing circuit "125 generates a write timing signal 126 
synchronized with the 91 OfH clock (113), using the tim- 

io ing signal 112 and the above-mentioned 91 OfH clock 
(113) and supplies it to the line memory circuit 128. 
[0043] The 2730fH clock (114) is applied to the digital 
control oscillator 115. The digital control oscillator 115 
generates a read clock in a digital manner on the basis 

15 of the 2730fH clock (114). It has the function to modulate 
the read clock frequency, namely, the reading speed 
with 1 H and 1 V, using the horizontal parabolic wave sig- 
nal 141 from the horizontal parabolic wave generating 
circuit 117 and the vertical parabolic wave signal 142 

20 from the vertical parabolic wave generating circuit 118. 
[0044] The horizontal parabolic wave generating cir- 
cuit 117 generates the parabolic wave signal 141 of 1H 
on the basis of the horizontal synchronizing signal HD 
supplied to the input terminal 110 and supplies it to the 

25 digital control oscillator 1 1 5 as a control signal. The ver- 
tical parabolic wave generating circuit 1 1 8 generates the 
parabolic wave signal 1 42 of 1 V on the basis of the ver- 
tical synchronizing signal VD supplied to the input ter- 
minal 116 and supplies it to the digital control oscillator 

30 115 as a control signal. The digital clock signal 120 
speed-modulated parabolically with 1H and 1D to be 
outputted from the digital control oscillator 115 is con- 
verted into an analog clock signal 122 in the D/A con- 
verter 121. The waveform of the resulting signal is 

35 shaped in the waveform shaping circuit 123 and sup : 
plied to the line memory circuit 128 as a reading clock 
124 and to the above-mentioned timing generating cir- 
cuit 125. The timing generating circuit 125 generates a 
read timing clock 127 synchronized with the read clock 

40 . 1 24, using the timing signal 1 1 2 and the read clock 1 24 
and supplies it to the line memory circuit 1 28. The circuit 
portion in the dotted line frame 140 is the write/read con- 
trolling means. 

[0045] In the line memory circuit 128, the reading 
45 speed of the digital luminance signal Y and the digital 
color difference signals R-Y and B-Y stored therein are 
modulated and read as signals 129, 130. The digital lu- 
minance signal 1 29 is supplied to the D/A converter 1 31 , 
and the digital chrominance signal 1 30 is supplied to the 
so D/A converters 1 33, 1 34 

[0046] ; The D/A converter 1 31 converts the digital lu- 
minance signal into the analog luminance signal Y and 
outputs it from the output terminal 1 32. The D/A convert- 
er 133 separates the digital color difference signal R-Y 
55 from the multiplexed digital chrominance signal 130, 
converts the separated signal into the analog color dif- 
ference signal R-Y and outputs it from the output termi- 
nal 135. "The D/A converter 134 separates the digital 
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color difference signal B-Y from the multiplexed digital 
chrominance signal 130, converts the separated signal 
into the analog color difference signal B-Y and outputs 
it from the output terminal 1 36. 
[0047] The operation shown in Fig. 1, especially the 
operation for correcting inner pincushion distortion 
shown in Fig. 4 (a) will be described below with reference 
to Figs. 3 (a) and (b) and Figs. 4 (a) - (c). 
[0048] The analog luminance signal Y and the analog 
color difference signals R-Y and B-Y are applied to the 
input terminals 101, 104 and 105. The horizontal syn- 
chronizing signal HD and the vertical synchronizing sig- 
nal VD are applied to the input terminals 110, 116. The 
analog luminance signal Y and the color difference sig- 
nals R-Y and B-Y are respectively converted into the 
corresponding digital signals in the A/D converter 102, 
108. The resulting signals are written in the line memory 
circuit 128. Such signals are written according to the 
write timing signal 1 26 from the timing generating circuit 
125 and the write clock 113 from the clock generating 
circu it 1 1 1 . The write clock 1 1 3 is a clock having the con- 
stant frequency of 91 Of H. 

[0049] In the read operation, the digital control oscil- 
lator 115 generates a digital read clock 120 according 
to a clock 114 having the frequency of 2730fH. In this 
case, the frequency of the generated signal (namely, the 
reading frequency) is modulated with 1H and 1 V, using 
the parabolic wave signal 141 of 1 H from the horizontal 
parabolic wave generating circuit 117 and the parabolic 
wave signal 142 of 1 V from the vertical parabolic wave 
generating circuit 118 as control signals. The resulting 
digital clock signal 1 20 is converted into an analog signal 

122 in the D/A converter 121 . The waveform of the con- 
verted signal' is shaped in the waveform shaping circuit 

123 and supplied to the line memory circuit 128 as the 
read clock 124. When the digital luminance signal and 
the digital chrominance signal stored in the line memory 
circuit 128 are read from the line memory circuit 128, 
the reading speed of the .digital luminance signal and 
the digital.chrominance signal is parabolically modulat- 
ed with 1 H and 1 V according to the read clock 1 24. 
[0050] Fig. 3(a) shows the modulation waveform of 
the reading speed at 1 V. Fig. 3(b) shows the modulation 
waveform of the reading speed at 1 H. To correct inner 
pincushion distortion, as shown in Fig. 3(a), it is neces- 
sary to increase the modulating speed in the horizontal 
direction in the center part of the screen during 1 V and 
to decrease the modulating speed in the upper and low- 
er parts of the screen. At the same time, as shown in 
Fig. 3(b), it is also necessary to slow down the modulat- 
ing speed in the center part of the screen during 1 H and 
to speed up such speed in the right and left parts of the 
screen. As shown in Fig. 3(b), it is also necessary to 
change the modulating speed regarding the period of 
1 H in the center part of the screen during 1 V and in the 
upper and lower parts of the screen. That is, as shown 
in Fig. 3(b), the modulating speed on the scanning lines 
in the center part is higher than that on the scanning 



lines in the upper and lower parts at the right and left 
parts of the screen. That is, the modulating speed on 
the scanning lines in the upper and lower parts of the 
screen' is slower than that on the scanning lines in the 
5 center part at the right and left parts of the screen. 
[0051] The digital luminance signal and the digital 
chrominance signal read out of the line memory circuit 
128 are again converted into an analog luminance sig- 
nal Y and analog color difference signals R-Y and B-Y 
10 in the D/A converters 131 , 133, and 134. The resulting 
signals are applied to the video output circuit (200 in Fig. 
2) (not shown in this fig.) and displayed on the CRT 
[0052] Using the 1V and 1H reading speed modula- 
' tion means by the line memory circuit. 128 as descnbed 
15 above, the distortion of an image to be displayed on the 
CRT is corrected as shown in Fig. 4 (c). That is, if no 
distortion correction is made, an image to be displayed 
has inner pincushion distortion as shown in Fig. 4 (a). 
Such distortion is corrected to uniform pincushion dis- 
20 tortion as shown in Fig. 4 (b) by means of the distortion 
correction circuit 100 of the present embodiment. More- 
over, by correcting pincushion distortion by means of the 
DPC circuit in the deflection circuit 300 additionally, an 
image which is completely free from pincushion distor- 
ts tion is displayed on the CRT as shown in Fig. 4 (c). 
[0053] The correction procedure of an inner barrel dis- 
tortion as shown in Fig. 6 (a) will be described below 
with reference to Figs. 5 (a) and (b) as well as Figs. 6 
(a) -(c). 

30 [0054] If inner barrel distortion occurs under the con- 
dition where no distortion correction is made, such dis- 
tortion can be corrected by inverting the polarity of the 
modulation waveform of the reading speed as shown in 
Fig. 3(a) into the polarity as shown in Fig. 5(a). 

35 [0055] Fig. 5(a) shows the modulation waveform of 
the reading speed at 1 V. Fig. 5 (b) shows the modulation 
waveform of the reading speed at 1 H. To correct inner 
barrel distortion, as shown in Fig. 5 (a), it is necessary 
to slow down the modulating speed in the horizontal di- 

*o rection in the center part at 1V on the screen and to 
speed up the modulating speed in the upper and lower 
v parts of the screen. On the other hand, as shown in Fig. 
5 (b), it is necessary to slow down the modulating speed 
in the center part at 1 H on the screen and to speed up 

45 jt in the right and left parts of the screen. It is also nec- 
essary, as shown in Fig. 5 (b), to change the modulating 
speed regarding the period of 1H in the center part at 
1 V on the screen and in the upper and lower parts on 
the screen. That is, as shown in Fig. 5 (b), it is necessary 

so to decrease the modulating speed on the scanning lines 
in the center part to become slower than that on the 
scanning lines in the upper and lower parts at the right 
and left parts of the screen. In other words, it is neces- 
sary to increase the modulating speed on the scanning 

55 lines in the upper and lower parts to become faster than 
that on the scanning lines in the center part at the right 
and left parts of the screen. 

[0056] Using the 1V and 1H reading speed modula- 
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tion means by the line memory circuit 128 as described 
above, the distortion of an image to be displayed onthe 
CRT is corrected as shown in Fig. 6 (c). That is, it no 
distortion correction is made, an image to be displayed 
has inner barrel distortion as shown in Fig. 6 (a). Such s 
distortion is corrected to uniform barrel distortion as 
shown in Fig. 6 (b) by means of the distortion correction 
circuit 100 of the present embodiment. Moreover, by 
correcting the barrel distortion by means of the DPC cir- 
cuit in the deflection circuit 300 additionally, an image io 
which is free from barrel distortion is displayed on the 
CRT as shown in Fig. 6 (c). 

[0057] As described above, according to the present 
invention, the conventional analog correction of inner 
pincushion distortion or inner barrel distortion by a de- 1S 
flection circuit can be digitally corrected by modulating 
an image signal itself. As a result, no circuit drift due to 
the conventional analog correction occurs and no com- 
plicated analog circuit design is required. 
[0058] The present invention is not limited to the 20 
above-mentioned embodiments, but various changes 
and modifications can be made without departing from 
the scope of the present invention. 

25 

Claims 

1. A- distortion correction circuit for correcting inner 
pincushion distortion occuring on a screen, com- 
prising: 30 

an analog-to-digital (A/D) conversion means 
(102, 108) for. receiving an analog luminance 
signal and analog color difference signals to 
convert them into the corresponding digital sig- 35 
nals respectively; 

a memory means (128) for storing said signals 
subjected to the analog-to-digital conversion by 
said. A/D conversion means (102, 108); 
a write/read controlling means 1 40 for control- *o 
ling the write operation of signals for said mem- 
ory means (1 28) and for modulating the reading 
speed of data written in said memory means; 
and 

a digital-to-analog (D/A) conversion means 45 
(131, 133 and 134) for converting the signals 
read out of said memory means (128) into an 
analog luminance signal and analog color dif- 
ference signals; characterised in that 
said write/read controlling means (140) in- so 
eludes parabolic wave generation circuits (117, 
118) for generating parabolic waves varying 
with a horizontal period and with a vertical pe- 
riod and said write-read controlling means is 
adapted to parabolically modulate said reading 55 
speed in response to outputs from said para- 
bolic wave generation circuits such that the 
reading speed from said memory means during 
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the vertical period is increased in the center 
part in the vertical direction of the screen and 
decreased at the upper and lower parts of the 
screen, the reading speed from said memory 
means during the horizontal period is de- 
creased in the center part in the horizontal di- 
rection of the screen and increased at the right 
and left parts of the screen, and the reading 
speed at said right and left parts of the screen 
is higher in the center part of the screen than 
that in the upper and lower parts in the vertical 
direction of the screen. 

2. A distortion correction circuit for correcting inner 
barrel distortion occuring on a screen comprising: 

an analog-to-digital (A/D) conversion means 
(102, 108) for receiving an analog luminance 
signal and analog color difference signals to, 
convert them into the corresponding digital sig- 
nals respectively; 

a memory means (128) for storing said signals 
subjected to the analog-to-digital conversion by 
said A/D conversion means (102, 108); 
a write/read controlling means 140 for control- 
ling the write operations of signals for said 
memory means (128) and for modulating the 
reading of data written in said memory means; 
and 

a digital-to-analog (D/A) conversion means 
(131, 133 and 134) for converting the signals 
read out of said memory means (128) into an 
analog luminance signal and analog color dif- 
ference signals; characterised in that 
said write/read controlling means (140) in- 
cludes parabolic wave generation circuits (117, 
118) for generating parabolic waves varying 
with a horizontal period and with a vertical pe- 
- riod and said write/read controlling means is 
adapted to parabolically modulate said reading 
speed in response to outputs from said para- 
bolic wave generation circuits, such- that the 
reading speed from said memory means during 
the vertical period is decreased in the center 
part in the vertical direction of the screen and 
increased at the upper and lower parts of the 
screen, the reading speed from said memory 
means during the horizontal period is de- 
creased in the center part in the horizontal di- 
rection of the screen and increased at the right 
■ and left parts of the screen, and the reading 
speed at said right and left parts of the screen 
is slower in the center part of the screen than 
that in the upper and lower parts in the vertical 
direction of the screen. 

3. A write/read controlling means (111, 115, 117, 118, 
121 , and 125) in the distortion correction circuit ac- 
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cording to claim 1 or 2, comprising : 

a clock generating circuit (111) tor generating a 
first timing signal (112), a first write clock (113) 
having a frequency of a predetermined multiple * 
of a horizontal scanning frequency and a sec- 
ond clock (114) having a frequency of a prede- 
termined multiple different from the above mul- 
tiple of the horizontal scanning frequency on 
the basis of the horizontal synchronizing signal; 10 
a digital control oscillator (1 1 5) for generating a . 
clock (120), on the basis of said second clock 

(114) , whose oscillation frequency is paraboli : 
cally modulated with both horizontal period and 
vertical period; is 
a horizontal parabolic wave generating circuit 

(117) for generating the parabolic wave signal 

(141) of the horizontal period on the basis of 
said horizontal. synchronizing signal and sup- 
plying the. signal to said digital control oscillator 20 

(115) ; 

a vertical parabolic wave generating circuit 

(118) for generating the parabolic wave signal 

(142) of the vertical period on the basis of said 
vertical synchronizing signal and supplying the 2s 
signal to said digital control oscillator (115); 

a digital-to-analog converter (121 ) for convert- 
ing the output of said digital control oscillator 
(115) into an analog signal and outputting that 
signal to said memory means (128) as a read 30 
clock (122); and 

a timing generating circuit (1 25) for generating 

a write timing signal (126) on the basis of said 

first timing signal (1 1 2) and said first write clock 

(113), and also generating a read timing signal 35 

(127) on the basis of said first timing signal 

(112) and a read clock (122) from said digital- 2. 

to-analog converter (121 ). 
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1 . Verzerrungskorrekturschaltung zum Korrigieren ei- 
ner inneren Nadelkissenverzerrung, die auf einem 
Schirm auftritt, aufweisend: 45 



zum Steuern der Schreiboperationen von Si- 
gnalen fur die Speichereinrichtung (128) und 
zum Modulieren der Lesegeschwindigkeit von 
in die Speichereinrichtung geschriebenen Da- 
ten; und 

eine Digital-/ Analog- (D/A-) Umwandlungsein- 
richtung (131, 133 und 134) zur Umwandlung 
der aus der Speichereinrichtung (12B) ausge- 
lesenen Signale in ein analoges Luminanzsi- 
gnal und anaioge Farbdifferenzsignale; 

dadurch gekennzeichnet, dafB: 

die Schreib/Lese-Steuereinrichtung (140) Er- 
zeugungsschaltungen (117, 118) fur Parabolwellen 
zum Erzeugen von Parabolwellen, die mit einer ho- 
rizontalen Periode und mit einer vertikalen Periode 
variieren, einschliefeen und daG die Schreib/Lese- 
Steuereinrichtung ausgelegt ist, die Lesegeschwin- 
digkeit in Antwort auf die Ausgange von den Erzeu- 
gungsschaltungen fur Parabolwellen derart para- 
bolisch zu modulieren, daf3 die Lesegeschwindig- 
keit von der Speichereinrichtung wahrend der ver- 
tikalen Periode in dem zentralen Teil der vertikalen 
Richtung des Schirms erhoht wird und an den obe- 
ren und unteren Teilen des Schirms verringert wird, 
die Lesegeschwindigkeit von der Speichereinrich- 
tung wahrend der horizontalen Periode in dem zen- 
tralen Teil in der horizontalen Richtung des Schirms 
verringert wird und an den linken und rechten Teilen 
des Schirms erhoht wird und die Lesegeschwindig- 
keit an den rechten und linken Teilen des Schirms 
hoher im zentralen Teil des Schirms als in den obe- 
ren und unteren Teilen in der vertikalen Richtung 
des Schirms ist. 

Verzerrungskorrekturschaltung zum Korrigieren ei- 
ner inneren Tonnenverzerrung, die aufeinem 
Schirm auftritt, .aufweisend: 

eine Analog/Digital- (A/D-) Umwandlungsein- 
. richtung (1 02, 1 08) zum Empfangen eines ana- 
. logen Lumihanzsignals und analoger Farbdif- 
ferenzsignale zur Umwandlung derselben in 
1 die jeweils entsprechenden digitalen Signale; 



eine Analog/Digital- (A/D-) Umwandlungsein- 
richtung (1 02, 1 08) zum Empfangen eines ana- 
logen Luminanzsignals und analoger Farbdif- 
ferenzsignale zur Umwandlung derselben in so 
die jeweils entsprechenden Digitalsignale; 

eine Speichereinrichtung (128) zum Speichern 
der Signale, die der Analog/Digital-Umwand- 
lung durch die A/D-Umwandlungseinrichtung ss 
(102, 108) unterworfen sind; 



eine Speichereinrichtung (128) zum Speichern 
der Signale, die der Analog/Digital-Umwand- 
lung durch die A/D-Umwandlungsein richtung 
(102, 108) unterworfen sind; 

eine Schreib/Lese-Steuereinrichtung (140) 
zum Steuern der Schreiboperationen von Si- 
gnalen fur die Speichereinrichtung (128) und 
zum Modulieren des Lesens von in die Spei- 
chereinrichtung geschriebenen Daten; und 



eine Schreib/Lese-Steuereinrichtung (140) 



eine Digital/Analog- (D/A-) Umwandlungsein- 
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richtung (131, 133 und 134) zur Umwandlung 
der aus der Speichereinrichtung (128) ausge- 
lesenen Signale in ein analoges Luminanzsi- 
gnal und analoge Farbdifferenzsignale; 

5 

dadurch gekennzeichnet, daB: 

die Schreib/Lese-Steuereinrichtung (140) Er- 
zeugungsschaltungen (117, 118) fur Parabolwellen - 
zum Erzeugen von Parabolwellen, die mit einer ho- 
rizontalen Periode und mit einer vertikalen Periode 10 
variieren, einschlieBt und die Schreib/Lese-Steuer- 
einrichtung ausgeiegt ist, die Lesegeschwindigkeit 
in Antwort auf die Ausgange der Erzeugungsschal- 
tungen fur Parabolwellen derart parabolisch zu mo- 
dulieren, daB die Lesegeschwindigkeit von der is 
Speichereinrichtung wahrend der vertikalen Peri- 
ode in dem zentralen Teil in der vertikalen Richtung 
des Schirms verringert wird und an den oberen und 
unteren' Teilen des Schirms erhoht wird, die Lese- 
geschwindigkeit von der Speichereinrichtung wan- 20 
rend der horizontalen Periode in, dem zentralen Teil 
in der horizontalen Richtung des Schirms verringert 
wird und an den rechten und Iinken Teilen des 
Schirms erhoht wird und die Lesegeschwindigkeit • 
an den rechten und Iinken Teilen des Schirms lang- 25 
samer in dem zentralen Teil des Schirms als jene in 
den oberen und unteren Teilen in der vertikalen 
Richtung des Schirms ist. 

Schreib/Lese-Steuereinrichtung (111, 115, 117, 30 
118, 121 und 125) in der Verzerrungskorrektur- 
schaltung nach Anspruch 1 Oder 2, aufweisend: 

eine Takterzeugungsschaltung (111) zum Er- 
zeugen eines ersten Zeitsignals (112), eines er- 35 
sten Schreibtakts (113) mit einer Frequenz ei- 
nes vorbestimmten Vielfachen einer horizonta- 
len Scanfrequenz und eines zweiten Takts 
(114) mit einer Frequenz eines vorbestimmten 
Vielfachen, das verschieden von dem obigen *o 
Vielfachen der horizontalen Scanfrequenz ist, 
auf der Basis des horizontalen Synchronisier- 
signals; 

einen digitalen Steueroszillator (115) zum Er- *s 
zeugen eines Takts (120) auf der Basis des 
zweiten Takts (114), dessen Oszillationsfre- 
quenz parabolisch sowohl mit der horizontalen 
Periode als auch mit der vertikalen Periode mo- 
duliert ist; 50 

eine Erzeugungsschaltung (117) fur horizonta- 
le Parabolwellen zum Erzeugen des Parabol- 
wellensignals (141) der horizontalen Periode 
auf der Basis des horizontalen Synchronisier- ss 
signals und zum Zufuhren des Signals zu dem 
digitalen Steueroszillator (115); 



eine Erzeugungsschaltung (118) fur vertikale 
Parabolwellen zum Erzeugen des Parabolwel- 
lensignals (142) der vertikalen Periode auf der 
Basis des vertikalen Synchronisiersignals und 
zum Zufuhren des Signals zu dem digitalen 
Steueroszillator (115); 

einen Digital/Analog-Wandler (121) zur Um- 
wandlung des Ausgangs des digitalen Steuer- 
oszillators (115) in ein Analogsignal und zum 
Ausgeben jenes Signals zu der Speicherein- 
richtung (128) als ein Lesetakt (122); und 

eine Zeitablauf-Erzeugungsschaltung (125) 
zum Erzeugen eines Schreibzeitsignals (126) 
auf der Basis des ersten Zeitsignals (112) und 
des ersten Schreibtakts v (113), und auch zum 
Erzeugen eines Lesez.eitsignals.(127) auf- der 
Basis des ersten Zeitsignals (112) und eines 
Lesetakts (1 22) von dem Digital/Analog-Wand- 
ler (121). 



Revendications 

1 . Circuit de correction de distorsion pour corriger une 
distorsion en pelote a epingles interne survenant 
sur un 6cran, comprenant: 

un moyen de conversion analogique-numeri- 
que (A/N) (1 02, 1 08) pour recevoir un signal de 
luminance analogique et des signaux de diffe- 
rence de couleur analogiques atin de les con- 
verts respectivement selon les signaux num6- 
riques correspondants; 

un moyen de memoire (128) pour stocker les- 
dits signaux soumis a la conversion analogi- 
que-numerique par ledit moyen de conversion 
A/N (102, 108); - 

un moyen de commande d'ecritu re/lecture 
(1 40) pour commander I'operation d'ecriture de 
signaux pour ledit moyen de m6moire (128) et 
pour moduler la Vitesse de lecture de donnees 
ecrites dans ledit moyen de m6moire; et 

un moyen de conversion numerique-analogi- 
que (N/A) (131, 133 et 134) pour convertir les 
signaux lus dans ledit moyen de memoire (128) 
. selon un signal de luminance analogique et des 
signaux de difference de couleur analogiques, 

caracterise en ce que: 

ledit moyen de commande d'6criture/lecture 
(140) inclut des circuits de generation d'onde para- 
bolique (117, 118) pour genererdes ondes parabo- 
liques variant selon une'p£riode horizontale et se- 
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Ion une periode verticale et ledit moyen de com- 
mande d'ecritu re/lecture est adapte pour moduler 
de facon parabolique ladite vitesse de lecture en re- 
ponse a des sorties en provenance desdits circuits 
de generation d'onde parabolique de telle sorte que 5 
la vitesse de lecture dans ledit moyen de memoire 
pendant la periode verticale soit augmentee dans 
la partie centrale suivant la direction verticale de 
I'ecran et soit diminuee au niveau des parties supe- 
rieure et interieure de I'ecran, que la vitesse de lec- 10 
ture dans ledit moyen de memoire pendant la pe- 
riode horizontale soit diminuee dans la partie cen- 
trale suivant la direction horizontale de I'ecran et 
soit augmentee au niveau des parties droite et gau- 
che de I'ecran et que la vitesse de lecture au niveau 1S 
desdites parties droite et gauche de I'ecran soit su- 
perieure dans la partie centrale de I'ecran a celles 
dans les parties superieure et interieure suivant la 
direction verticale de I'ecran. 

20 

Circuit de correction de distorsion pour corriger une 
distorsion en. tonneau interne survenant sur un 
ecran, comprenant: 

un moyen de conversion analogique-numSri- 25 
que (A/N) (102, 108) pour recevoir un signal de 
luminance analogique et des signaux de diffe- 
rence de couleur analogiques afin de les con- 
verts respectivement selon les signaux nume- 
riques correspondants; so 

un moyen de memoire (128) pour stocker les- 
dits signaux soumis a la conversion analogi- 
que-numerique par ledit moyen de conversion 
A/N (102, 108); 35 

un moyen de commande d'ecriture/lecture 
(140) pour commander les operations d'ecritu- 
,re de signaux pour ledit moyen de memoire 
(128) et pour moduler la lecture de donnees *o 
ecrites dans ledit moyen de memoire; et 

un moyen de conversion numerique-analogi- 
que (N/A) (131, 133 et 134) pour convertir les 
signaux lusdans ledit moyen de memoire (128) 45 
selon un signal de luminance analogique et des 
signaux de difference de couleur analogiques, 

caracterise en ce que: 

ledit moyen de commande d'ecriture/lecture so - 
(140) inclut des circuits de generation d'onde para- 
bolique (117, 118) pour generer des ondes parabo- 
liques variant selon une periode horizontale et se- 
lon une periode verticale et ledit moyen de com- 
mande d'ecriture/lecture est adapte pour moduler 55 
de facon parabolique ladite vitesse de lecture en r6- 
ponse a des sorties en provenance desdits circuits 
de generation d'onde parabolique de telle sorte que 



la vitesse de lecture dans ledit moyen de memoire 
pendant la p6riode verticale soit diminuee dans la 
partie centrale suivant la direction verticale de 
I'ecran et soit augmentee au niveau des parties su- 
perieure et interieure de I'ecran, que la vitesse de 
lecture dans ledit moyen de memoire pendant la pe- 
riode horizontale soit diminuee dans la partie cen- 
' trale suivant la direction horizontale de I'ecran et 
soit augmentee au niveau des parties droite et gau- 
che de I'ecran et que la vitesse de lecture au niveau 
desdites parties droite et gauche de I'ecran soit in- 
terieure dans la partie centrale de I'ecran a celles 
dans ies parties superieure et interieure suivant la 
direction verticale de I'ecran. 

3. Moyen de commande d'ecriture/lecture (111, 115, 
117, 118, 121 et 125) dans le circuit de correction 
de distorsion selon la revendication 1 ou 2, compre- 
nant: 

un circuit de generation d'horloge (111.) pour 
generer un premier signal de cadencement 
(112), une premiere horloge d'ecriture (113) 
presentant une frequence d'un multiple prede- 
termine d'une frequence de balayage horizon- 
tal et une seconde horloge (114) presentant 
une frequence d'un multiple predetermine dif- 
ferent du multiple mentionne ci-avant de la fre- 
quence de balayage horizontal sur la base du 
signal de synchronisation horizontale; 

un oscillateur de commande numerique (115) 
pour generer une horloge (1 20), sur la base de 
ladite seconde horloge (114), dont une frequen- 
ce d'oscillation est modulee de facon paraboli- 
que suivant a la tois la periode horizontale et la 
periode verticale; 

un circuit de generation d'onde parabolique ho- 
rizontale (117) pour generer le signal d'onde 
parabolique (141 ) de la periode horizontale sur 
la base dudit signal de synchronisation horizon- 
tale et pour appliquer le signal sur ledit oscilla- 
teur de commande numerique (115); 

un circuit de generation d'onde parabolique 
r verticale (118) pour generer le signal d'onde 
parabolique (142) de la periode verticale sur la 
base dudit signal de synchronisation verticale 
et pour appliquer le signal sur ledit oscillateur 
- de commande numerique (115); 

un convertisseur numerique-analogique (121) 
pour convertir la sortie dudit oscillateur de com- 
mande numerique (115) selon un signal analo- 
gique et pour emettre en sortie ce signal sur 
ledit moyen de memoire (1 28) en tant qu'horlo- 
ge de lecture (122); et 
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un circuit de generation de cadencement (125) 
pour gen^rer un signal de cadencement d'6cri- 
ture (126) sur la base dudit premier signal de 
cadencement (112) et de ladite premiere horlo- 
ge d'ecriture (113) et pour generer egalement 5 
un signal de cadencement de lecture (1 27) sur 
la base dudit premier signal de cadencement 
(112) et d'une horloge de lecture (122) en pro- 
venance dudit convertisseur numerique-analo- 
gique(121). ™ 
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FIG.4(a) 
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FIG.6(a) 
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FIG.7 

(RELATED ART) 
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CORRECTED VOLTAGE WAVEFORM 
(WAVEFORM OF THE END-TO-END 
VOLTAGE VC5 OFC5) 



FIG.8 

(RELATED ART) 
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FIG.10 

(RELATED ART) 
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